Finite element (FE) model updating technique belongs to the class of inverse problems in classical mechanics. According to the continuum damage mechanics, damage is represented by a reduction factor of the element stiffness and mass. The objective of the optimization problem is to minimize the difference between measured and numerical FE vibration data. In this study a new method is presented for structural damage detection called Improved Modified Accelerated Random Search algorithm (IMARS). The algorithm uses model updating procedure to detect damages in a decoupled fashion. First, detecting the location and the number of damaged elements is evaluated by multi-run process. Knowing damage number, the quantification step is then applied using simple computing procedure. The effectiveness of the algorithm is first tested on mathematical benchmark functions. The algorithm is then applied in damage detection of 2D beam structure and 2D truss structure. These two cases have different boundary conditions and different damage scenarios. The simulated experimental modal data have been taken as reference values. A real cantilever beam with experimental modal parameters is used to validate the proposed method for real single and double damages. Results show that the proposed method is accurate and robust in structural damage identification.
INTRODUCTION
Structural damage identification has gained increasing attention from the scientific and engineering communities because the unpredicted structural failure may cause catastrophic, economic, and human life loss.
It is common understanding that four steps of damage identification are possible as proposed by Rytter. 1 The first step includes the analysis of damage symptoms followed by damage location analysis in the second step. The objective in step three is to quantify the extent of the damage, for example, with respect to the size and the geometry of a crack. In practice, these three steps are covered and implemented in present nonmodel and non-vibration based testing and monitoring procedures like in ultrasonic, electromagnetic, thermography or radiation methods which will not be addressed in this paper. The final step includes the prediction of remaining safety and service life of the structure.
The damage identification technique is crucial to maintain safety and integrity of structures. Most non-destructive damage identification methods can be categorized as either local or global damage identification techniques. 2 Local damage identification techniques, such as ultrasonic methods and X-ray methods, require that the vicinity of damage is known a priori and readily accessible for testing, which cannot be guaranteed for most cases in civil or aerospace engineering. Hence, the vibration-based damage identification method as a global damage identification technique is developed to overcome these difficulties.
The fundamental idea for vibration-based damage identification is that the damage induced changes in the physical properties (mass, damping, and stiffness) will cause detectable changes in modal properties (natural frequencies, mode shapes).
The dynamic characteristics of a structure include natural frequencies, mode shapes, frequency response functions (FRFs), etc. 2, 3 Many researchers worked with the first two types of dynamic data, 4-7 because modal analysis data is easy to obtain, and some dealt with the FRF data. 8-10 Other researchers used static data in damage detection, 11, 12 or combined static responses and dynamic data. 13, 14 Cawley and Adams 15 used changes in natural frequencies to identify damage in composite materials. Farrar et al. 16 implemented the shifts in natural frequencies to identify damage on an I-40 bridge and noted that shifts in the natural frequencies were not adequate for detecting damage of small faults. Lei et al proposed an algorithm for detecting structural damage with limited input and output measurement signals. 49 Salawu 17 presented an extensive review of publications before 1997 dealing with the detection of damages through frequency changes. The
